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Abstract：Through the load test of rock，different rocks are tested and the mechanical and acoustic emission(AE) 
characteristics of rocks are studied. Stress-strain curves，AE accumulative total number and AE rate of rock failure 
are gotten. And AE features including the relationships between AE and time，AE and stress are studied. This study 
discusses emphatically the AE quiet period of the loading processes to those rocks whose plastic deformation is 
obvious. In this AE quiet period，the stress increment will be diminished in unit time when stress approaches to 
peak value strength and it will need more time. Moreover，AE rate will be declined and AE quiet period will also 
appear in this stage. But for those rocks whose plastic deformation is not obvious，this AE quiet period will not 
appear. In addition，by fractal theory，the AE values of different stress rates especially at quiet period are calculated 
and analyzed. It is found that the fractal values are lower in initial loading stages and increase gradually along with 
stress，about at the 40% of stress rate，fractal values begin to fall down. The fractal values go down to the 
minimum near the peak value stress and foreshow rock failure. Furthermore，combined with indoor experiment，
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some problems of in-situ monitoring and prediction are discussed，It gives the theoretical basis and methods for 
in-situ rock mass monitoring and forecast by AE technology. 
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图 1  岩石的试验曲线 















































图 2  声发射累积数、声发射率以及应力与时间曲线 






















































































































母化花岗岩岩样为例，峰值前 11 MPa 应力增量耗































表 1  峰值强度前的应力、时间与声发射事件数的试验结果 
(塑性变形阶段明显的岩样) 
Table 1  Test results of stresses，intervals of time and AE  
events before peak strength(rocks whose  plastic  
deformation is obvious) 
岩样 应力/MPa 时间间隔/s 声发射数/次 
50   
55 23 4 
60 26 2 
65 23 5 
70 24 3 
75 23 3 
80 23 2 
85 30 7 
90 28 6 
绢英岩化花岗岩
96(峰值) 63 2 
75   
80 28 1 
85 26 7 
90 25 6 
95 27 2 
100 26 18 
105 29 8 
110 34 7 
115 30 10 
120 56 18 
辉绿岩 
125(峰值) 52 9 
30   
35 20 38 
40 25 128 
45 35 109 
50 35 93 
结晶灰岩 
55(峰值) 35 58 
90   
95 25 90 
100 25 98 
105 20 81 
110 20 84 
115 20 84 
120 25 107 
黑云母片岩 
125(峰值) 45 84 
30   
35 17 3 
40 16 5 
45 13 4 
50 12 10 
55 16 17 
60 13 16 
65 32 7 
砂岩 
71(峰值) 25 6 
第 28 卷  增 2                     尹贤刚，等. 岩石破坏声发射平静期及其分形特征研究                    • 3387 • 
 
表 2  峰值强度前的应力、时间与声发射事件数的试验结果 
(塑性变形阶段不明显的岩样) 
Table 2  Test results of stresses，intervals of time and AE  
events before peak strength(rocks whose plastic  
deformation is not obvious) 
岩样 应力/MPa 时间间隔/s 声发射数/次 
120   
125 20 86 
130 20 86 
135 20 86 
140 20 85 
145 18 84 
150 12 88 
155 20 86 
160 26 107 
165 19 88 
石英片岩 1 
170(峰值) 24 106 
53   
58 10 23 
63 11 28 
68 11 32 
73 11 32 
78 9 35 
83 10 36 
88 10 39 
93 10 38 
98 11 37 
石英片岩 2 
103(峰值) 25 94 
    
坐标状态空间重构法，即时间延迟法。用此法可以
对原数据序列进行高维嵌入而重建相空间，较为适
用的算法是由 P. Grassberger 和 I. Procaccia 提出的，
简称 G-P 算法。对于试验测得的时间序列 1 2x x， ， ， 
1n nx x−， ，若能选定适当嵌入维数 m 和时间迟滞
参数τ ，则可重构相空间： 
( ) [ ( ) ( ) ( 2 )  ( ( 1) )]i i i i iY t x t x t x t x t mτ τ τ= + + + −， ， ， ，
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式中： | ( ) ( ) |i jY t Y t− 为相点 ( )iY t 和 ( )jY t 之间的距
离； ( )rθ 为 Heaviside 函数； ( )C r 为一个累积分布
函数，表示相空间中吸引子上两点之间距离小于 r
的概率；r 为量测尺度。 
在关联维数中能否求出 D，关键在于 r 的取值
范围，若 r 取得太大，则 ( )C r = 1， ln ( )C r = 0，这
样 r 就反映不了系统内部的性质，适当缩小 r，可能
在一段 r 区间内有 




( )D m 与累积分布函数 ( )C r 应满足对数线性关系： 
( ) ln ( ) / lnD m C r r=              (5) 
拟合求出对应于 0m 的关联维数估计值 0( )D m 。
增加嵌入维数 1 0m m＞ ，重复上述计算，直到相应的
维数估计值随 m 的增加在一定误差范围内不变为
止，此时得到的 D 即为吸引子的关联维数，如图 3
所示，随嵌入维数 m 的增加，在双对数曲线上，直
线段的斜率逐渐收敛为一个稳定值，也就是说关联















图 3  lnC(r)-lnr 关系曲线 







































表 3  岩样在不同加载应力水平 D 值的计算结果 
Table 3  Fractal values of samples at different stress rates 



































图 4  岩样加载应力比与分维值关系曲线 
Fig.4  Curves of stress rate and fractal value 
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